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$EVWUDFW 
Objectives: An engaged lifestyle has been linked to measures of functional ability in 
everyday life. However, the underlying mechanism of this link is still understudied. We 
propose working memory as a potential mediator of this relation. Method: Modelling data of 
158 older adults with a latent-variables approach, we examined whether working memory 
mediated the relation between an engaged lifestyle, that is, intellectual, social and physical 
activities, and functional ability, that is, self-reported everyday failures and test-based 
everyday performance. Results: Working memory was found to fully mediate the relation 
between gaming activities and test-based everyday performance. Further, we found a 
negative association between sports activities and self-reported everyday failures not 
mediated through working memory, indicating that individuals who reported high levels of 
sports activities reported fewer everyday cognitive failures. All other lifestyle activities were, 
however, neither directly nor indirectly associated with functional ability. Discussion: 
Working memory is one pathway by which gaming activities are related to test-based 
measures of functional ability in everyday life. Given the overlapping cognitive demands of 
working memory, gaming activities, and the test-based measure of functional ability, the 
findings suggest that while an engaged lifestyle can benefit functional ability, those benefits 
may be limited to highly similar domains. 
 Keywords: Mediation analysis, successful aging, executive function, life events and 
contexts 
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)XQFWLRQDO$ELOLW\LQ(YHU\GD\/LIH$UH$VVRFLDWLRQVZLWKDQ(QJDJHG/LIHVW\OH0HGLDWHG
E\:RUNLQJ0HPRU\" 
 
7KH:RUOG+HDOWK2UJDQL]DWLRQ:+2LQLWVILUVW:RUOG5HSRUWRQ$JHLQJDQG
+HDOWKSURSRVHVDWKHRUHWLFDOIUDPHZRUNRQKHDOWK\DJLQJWKDWUHIOHFWVDQH[SOLFLWSURFHVV
DQGFRQWH[WFHQWHUHGYLHZ,QWKLVIUDPHZRUNKHDOWK\DJLQJLVGHILQHGDVIRVWHULQJDQG
VXVWDLQLQJIXQFWLRQDODELOLW\LQHYHU\GD\OLIHWRVXSSRUWZHOOEHLQJLQROGHUDJH7REHWWHU
XQGHUVWDQGKHDOWK\DJLQJDQGLWVDQWHFHGHQWVWKH:+2VXJJHVWVIRFXVLQJRQERWKWKHOHYHO
RIV\PSWRPVDQGRQIXQFWLRQDODELOLW\WKDWLVWKHDELOLW\WRGRZKDWWKHLQGLYLGXDOYDOXHV
VXFKDVEHLQJPRELOHEXLOGLQJDQGPDLQWDLQLQJUHODWLRQVKLSVDQGOLIHORQJOHDUQLQJ
)XQFWLRQDODELOLW\LVFRPSRVHGRISK\VLFDODQGPHQWDOFKDUDFWHULVWLFVRILQGLYLGXDOVDQGWKHLU
HQYLURQPHQWDVZHOODVWKHLQWHUDFWLRQVWKHUHRI7KXVWRXQGHUVWDQGKRZKHDOWK\DJLQJFDQ
EHSURPRWHGHPSKDVLVVKRXOGEHSXWPRUHVWURQJO\RQFRUUHODWHVDQGDQWHFHGHQWVRI
IXQFWLRQDODELOLW\VXFKDVDQHQJDJHGOLIHVW\OHDQGWKHPHFKDQLVPVXQGHUO\LQJWKLV
UHODWLRQVKLS,QWKLVVWXG\ZHLQYHVWLJDWHGZKHWKHUZRUNLQJPHPRU\:0PHGLDWHVWKH
EHQHILWVRIDQHQJDJHGOLIHVW\OHRQHYHU\GD\IXQFWLRQDODELOLW\ 
1XPHURXVVWXGLHVKDYHHVWDEOLVKHGWKHUHODWLRQEHWZHHQDQHQJDJHGOLIHVW\OHDQG
IXQFWLRQDODELOLW\HJ&RFNEXUQ	6PLWK.DOLVFKHWDO.DWWHQVWURWK
.RODQNRZVND.DOLVFK	'LQVH/HQQDUWVVRQ	6LOYHUVWHLQ0DLHU	.OXPE
,WKDVEHHQSURSRVHGWKDWDQHQJDJHGOLIHVW\OHSURYLGHVFRPSHQVDWRU\VFDIIROGLQJ
5HXWHU/RUHQ]	3DUNDQGEXLOGVFRJQLWLYHUHVHUYH6WHUQE\SURPRWLQJ
SRVLWLYHFRJQLWLYHDQGQHXUDOSODVWLFLW\,QOLQHZLWKWKHVHSURSRVLWLRQVDQH[WHQVLYHDPRXQW
RIUHVHDUFKKDVLGHQWLILHGWKUHHFOXVWHUVRIOLIHVW\OHDFWLYLWLHVQDPHO\LQWHOOHFWXDOVRFLDODQG
SK\VLFDODFWLYLWLHV+DUDGD1DWHOVRQ/RYH	7ULHEHO+HUW]RJ.UDPHU:LOVRQ	
/LQGHQEHUJHUWKDWDUHUHODWHGWRFRJQLWLYHIXQFWLRQLQJ7KHVHVWXGLHVIRXQGWKDW
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OLIHVW\OHDFWLYLWLHVDUHSRVLWLYHO\UHODWHGWRERWKFRJQLWLYHIXQFWLRQLQJLWVVWDELOL]DWLRQDQG
HQKDQFHPHQWDQGQHJDWLYHO\WRWKHLQFLGHQFHRIPLOGFRJQLWLYHLPSDLUPHQWDQGGHPHQWLD
VHH+HUW]RJHWDOIRUDQRYHUYLHZ,QDGGLWLRQELGLUHFWLRQDOHIIHFWVEHWZHHQ
LQWHOOHFWXDODQGSK\VLFDODFWLYLWLHVDQGFRJQLWLYHIXQFWLRQLQJKDYHEHHQUHSRUWHGHJ'DO\
0F0LQQ	$OODQ6PDOO'L[RQ0F$UGOH	*ULPP0RVWUHVHDUFKLQWKLV
DUHDLVEDVHGRQFRUUHODWLRQDOHYLGHQFHDQGWKXVUHYHUVHFDXVDOLW\FDQQRWEHUXOHGRXW7KHUH
LVKRZHYHUH[SHULPHQWDOHYLGHQFHIURPLQWHUYHQWLRQVWXGLHVSURYLGLQJVXSSRUWIRUWKH
EHQHILFLDOHIIHFWVRIDQHQJDJHGOLIHVW\OHRQFRJQLWLYHIXQFWLRQLQJHJ6WLQH0RUURZ3DULVL
0RUURZ	3DUN7HQQVWHGW	8QYHU]DJW 
 0RUHRYHUFRJQLWLYHIXQFWLRQLQJKDVEHHQSURSRVHGWREHRQHRIWKHPRVWLPSRUWDQW
DQWHFHGHQWVRIIXQFWLRQDODELOLW\HJ'LHKO6FKDLH%RURQ	:LOOLV)OXLG
FRJQLWLYHDELOLWLHVLQFOXGLQJUHDVRQLQJSHUFHSWXDOVSHHGDQG:0KDYHEHHQVKRZQWR
VWURQJO\FRUUHODWHZLWKERWKVHOIUHSRUWHGDQGWHVWEDVHGPHDVXUHVRIIXQFWLRQDODELOLW\
&RFNEXUQ	6PLWK'LHKO:LOOLV	6FKDLHDFFRXQWLQJIRUXSWRPRUHWKDQ
KDOIRIWKHYDULDQFHLQIXQFWLRQDODELOLW\HJ:LOOLV-D\'LHKO	0DUVLVNHZLWK
:0EHLQJRQHRIWKHVWURQJHVWFRUUHODWHV%RUHOODHWDO/HZLV	0LOOHU 
+RZHYHUDV\HWQRVWXG\KDVGLUHFWO\WHVWHGZKHWKHUFRJQLWLYHIXQFWLRQLQJPHGLDWHV
WKHDVVRFLDWLRQEHWZHHQDFWLYLWLHVRIDQHQJDJHGOLIHVW\OHDQGIXQFWLRQDODELOLW\7KHSUHVHQW
VWXG\ILOOVWKLVJDSE\LQYHVWLJDWLQJ:0DVRQHSDWKZD\E\ZKLFKDQHQJDJHGOLIHVW\OHLV
UHODWHGWRIXQFWLRQDODELOLW\:0KDVEHHQGHILQHGDVDFDSDFLW\OLPLWHGFRJQLWLYHDELOLW\WKDW
SURYLGHVDFFHVVWRUHSUHVHQWDWLRQVWKDWDUHUHTXLUHGIRUSHUIRUPLQJFRPSOH[FRJQLWLYHWDVNV
&RZDQ:0LVDOVRUHODWHGWRFRJQLWLYHUHDOZRUOGWDVNVLQVRFLDOHJODQJXDJHDQG
OLVWHQLQJFRPSUHKHQVLRQVWRU\WHOOLQJDQGLQWHOOHFWXDOFRQWH[WVHJORJLFOHDUQLQJWDNLQJ
OHFWXUHQRWHVVHH)HOGPDQ%DUUHWW7XJDGH	(QJOHIRUDQRYHUYLHZ)XUWKHU:0LV
DKLJKO\UHOLDEOHFRQVWUXFW&RQZD\.DQH%XQWLQJ+DPEULFN:LOKHOP	(QJOH
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ZKLFKLVVWURQJO\FRUUHODWHGZLWKRWKHUKLJKHURUGHUIOXLGFRJQLWLYHDELOLWLHVVXFKDV
LQWHOOLJHQFHLQKLELWLRQSURFHVVLQJVSHHGDQGVKLIWLQJHJ.\OORQHQ	&KULVWDO
0L\DNH	6KDK6FKPLHGHN2EHUDXHU:LOKHOP6VV	:LWWPDQQSURQHWR
DJHUHODWHGFRJQLWLYHGHFOLQHHJ&UDLN	%LDO\VWRN6DOWKRXVH,WWKHUHIRUH
FRQVWLWXWHVDQH[FHOOHQWSUR[\IRUJHQHUDOIOXLGFRJQLWLYHDELOLWLHVDQGFDQGLGDWHPHGLDWRUIRU
H[SODLQLQJWKHZHOOHVWDEOLVKHGEXW\HWSRRUO\XQGHUVWRRGUHODWLRQEHWZHHQDQHQJDJHG
OLIHVW\OHDQGIXQFWLRQDODELOLW\ 
In light of previous work showing evidence for bilateral relations between how 
individuals spend their daily lives, their cognitive functioning and how well they function in 
everyday life, we examined the three-fold associations that fit well with basic tenets of the 
WHO framework on healthy aging. We aimed to (a) identify modifiable correlates, that is, 
intellectual, social, and physical activities of self-reported and test-based functional ability, 
and to (b) examine WM as one potential mediator of these associations. To test our 
hypotheses, we conducted latent mediation analyses using structural equation modeling 
(SEM). One advantage of SEM is that it separates true interindividual difference variance 
from variance caused by measurement error.  
0HWKRGV 
The data are the reanalyzed pretest data from a previously reported cognitive training 
study (for detailed methods, see Guye & von Bastian, 2017), in which we determined the 
sample size by aiming at recruiting at least three times as many participants than previous 
studies in this research area.    
3DUWLFLSDQWV 
Participants were 158 older adults (79 females) aged 64 to 80 years (M = 70.41, SD = 
3.62) who were recruited through our participant pool, during lectures of the Senior 
University of Zurich, flyers, online announcements, and word-of-mouth. They were paid 
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CHF 150 (approx. USD 150) for participating in the training intervention. Exclusion criteria 
were psychiatric or neurological disorders, psychotropic drug use, severe motor, hearing, or 
vision impairments potentially impacting cognitive functioning, color blindness (Ishihara, 
1917), depression (GDS; Sheikh & Yesavage, 1986; cut-off = 4; M = 0.64, SD = 0.95), and 
cognitive impairment (MMSE; Folstein, Folstein, & McHugh, 1975; cut-off = 26; M = 29.23, 
SD = 0.85). Participants had to be retired, German speaking, and to own a computer with 
Internet connection. They were fairly well educated with a median education level of 4, 
which corresponds to the Swiss Matura degree and is comparable to the Higher Education 
Entrance Qualification in the US (MAD = 2.97; range from 0 = no formal education to 7 = 
doctorate). 
0HDVXUHV 
Engaged lifestyle. Intellectual, social, and physical activities were assessed using an 
adapted version of the adult leisure activity questionnaire (Jopp & Hertzog, 2010), which 
included 54 activities. Participants indicated how frequently they partook in each activity 
during the last two weeks on a 6-point Likert scale (1 = never, 2 = occasionally, 3 = once a 
month, 4 = once a week, 5 = multiple times per week, 6 = daily). These activities belonged to 
the 11 activity domains established by Jopp and Hertzog (2010), seven of which were used in 
this analysis: experiential, developmental, physical, social-private, social-public, and gaming 
and technological activities. The remaining four activity domains were not included in this 
analysis as they did not fit the intellectual, social or physical activity cluster.  
Intellectual activities. We assessed the experiential ³EXVLQHVVQRWUHODWHGWRMRE´
³FROOHFWVWDPSV´³UHDGIRUOHLVXUH´³UHDGQHZVSDSHU´³ZULWHOHWWHUV´and ³FUDIWHJ
sewing, knitting, crafts); &URQEDFK¶VĮ ´the developmental ³JDUGHQ indoor or 
RXWGRRU´³DWWHQGPRYLHV´³UHDGERRNVDVSDUWRIMRE´³DWWHQGSXEOLFOHFWXUH´³FRXUVHDW
XQLYHUVLW\´³FUHDWLYHZULWLQJHJSRHPVRUERRNV´³JRWROLEUDU\´³VWXG\IRUHLJQ
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ODQJXDJH´and ³WKHDWUHFRQFHUWVDQGH[KLELWLRQV´&URQEDFK¶VĮ = 0.47), the gaming ( 
³SOD\NQRZOHGJHJDPHV´³SOD\ERDUGJDPHV´³SOD\SX]]OHV´³GRFURVV-ZRUGSX]]OHV´
and ³SOD\FDUGJDPHV´&URQEDFK¶VĮ ), and the technological activity domain 
³HQJDJHLQSKRWRJUDSK\´³SOD\DQLQVWUXPHQW´³XVHFRPSXWHUVRIWZDUH´³XVHHOHFWURQLF
FDOFXODWRU´³DULWKPHWLFFDOFXODWLRQV´and ³SUHSDUHRZQLQFRPHWD[´&URQEDFK¶VĮ 
0.53).  
Social activities. We assessed the social-SULYDWH³JRRXWZLWKIULHQGV´³visit friends 
RUUHODWLYHV´³DWWHQGSDUWLHVHJELUWKGD\´³WDONWRIULHQGVRUIDPLO\RQWKHSKRQH´³give 
GLQQHUIRUIULHQGVRUIDPLO\´ DQG³HDWRXWDWUHVWDXUDQW´&URQEDFK¶VĮ DQGWKH
social-public activity domain ³HQJDJHGLQSROLWLFDODFWLYLWLHV´ ³JLYHSXEOLFWDON´ ³attend 
FOXEPHHWLQJV´³DWWHQGRUJDQL]HGVRFLDOHYHQWV´ DQG³YROXQWHHU´&URQEDFK¶VĮ  
Physical activities. :HDVVHVVHGWKHVSRUWVDFWLYLWLHVGRPDLQ³weight lift and 
VWUHQJWK´ ³DHURELFV´ ³IOH[LELOLW\HJVWUHWFKLQJ\RJDWDLFKL´ ³outdoor (e.g., sail, fish, 
ZDONVNLLQJ´ ³H[HUFLVHMRJELNHVZLP´ DQG³GDQFH´&URQEDFK¶VĮ .  
 Functional ability. Functional ability was assessed using self-report and test-based 
measures to identify differential relations to lifestyle activities and thus derive tentative 
recommendations for specific aspects of functional ability. Whereas self-reported measures 
reflecWDQLQGLYLGXDO¶VSHUFHLYHGIXQFWLRQDODELOLW\LQHYHU\GD\OLIHWHVW-based measures 
reflect actual performance on real life tasks.  
 Self-reported everyday failures. The German version of the Cognitive Failure 
Questionnaire (CFQ; Broadbent, Cooper, FitzGerald, & Parkes, 1982; Klumb, 1995) is a self-
UHSRUWPHDVXUHRQSRVVLEOHIDLOXUHV&URQEDFK¶VĮ LQSHUFHSWLRQHJ³Do you fail 
WRVHHZKDW\RXZDQWLQDVXSHUPDUNHWDOWKRXJKLW¶VWKHUH"´PHPRU\HJ³Do you find 
you forget appointments?´DQGPRWRUIXQFWLRQHJ³Do you drop things?´3DUWLFLSDQWV
had to indicate how often one of these failures occurred during the last weeks on a 5-point 
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Likert scale (0 = never, 1 = very rarely, 2 = occasionally, 3 = quite often, 4 = very often). The 
questionnaire was computer-based and the mean score was used as dependent variable. 
 Test-based everyday performance. The Everyday Problems Test (EPT; Willis & 
Marsiske, 1993) is an test-EDVHGPHDVXUHWRDVVHVVLQGLYLGXDOV¶DELOLW\WRVROYHWDVNV
encountered in everyday life. Participants had to solve 15 everyday tasks (CronbaFK¶VĮ 
.75) that we translated to German and adapted to a Swiss context, each consisting of two 
problems associated with the everyday tasks on printed material. To indicate their response, 
participants had to choose the correct out of four possible answers. The number of correctly 
solved problems within 45 minutes was used as dependent variable.  
Working memory. WM was measured with two tasks assessing storage and 
processing ability (complex span and Brown-Peterson), two tasks assessing binding ability, 
and two tasks assessing memory updating ability (for reliabilities see Guye & von Bastian, 
2017). 
Storage and processing. In the complex span task, participants had to memorize a 
series of positions of red squares presented in a 5 x 5 grid. We presented six trials per set size 
(i.e., 2-4 memoranda). Each trial of the series was interleaved by a distractor task, in which 
vertically or horizontally oriented L-shaped figures had to be rated according to their 
orientation (von Bastian & Eschen, 2016). In the Brown-Peterson task, participants had to 
memorize a series of Gabor patches. We presented four trials per set size (i.e., 2-4). The 
memorization phase was followed by a distractor task in which the length of a horizontally 
oriented bar had to be compared to a gap between two points (Brown, 1958; Peterson & 
Peterson, 1959). Stimuli were presented for 1000 ms and the distractor task lasted maximally 
3000 ms. Storage accuracy was used as the dependent measure.   
Binding. We used two versions of the binding task (adapted from Oberauer, 2005). In 
the triangles task, participants had to memorize a series of colored triangles at their locations 
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in a 4 x 4 grid. In the shape task, participants had to memorize a series of colored shapes at 
their locations in a 1 x 4 grid. We presented six trials per set size in the triangles task and 
eight trials per set size in the shape task, with the set sizes ranging between 2 and 4 
memoranda. After memorization, positive probes (i.e., memorandum at correct location, 50% 
of probes) or negative probes (i.e., memorandum at wrong location or extra-list item, each 
25% of probes) were presented. We used d' (i.e., the difference between z-transformed hits 
and false alarms) as the dependent variable.  
Memory updating. In the location-updating task (adapted from De Simoni & von 
Bastian, 2018), participants had to first memorize the locations of a set of circles in a 4 x 4 
grid and then to update their positions by mentally shifting them to the adjacent cell based on 
the orientation of an arrow. We presented six trials per set size (i.e., 2-4 memoranda). In the 
orientation-updating task, participants had to memorize the orientation of arrows pointing in 
RXWRIGLUHFWLRQV7KHQWKH\ZHUHUHTXLUHGWRXSGDWHWKHDUURZ¶VRULHQWDWLRQE\URWDWLQJ
them according to a presented arrow and indicate the new direction. We presented eight trials 
per set size (i.e., 2-4). Stimuli were presented for 500 ms and each updating step lasted 500 
ms. Accuracy was used as the dependent measure.  
5HVXOWV 
Data and analyses scripts are available on the Open Science Framework (OSF; 
https://osf.io/2jbpx). All analyses were conducted in R (version 3.2.3; R Core Team, 2016). 
Latent mediation models were run with the lavaan package (0.5-23.1097; Rosseel, 2012). 
Descriptive statistics for the measures of an engaged lifestyle, WM, and functional ability are 
listed in Table 1 (for correlations see Table S1). 
First, we evaluated the measurement model of the latent WM variable using 
confirmatory factor analysis. Second, we conducted six models to test the relation between 
lifestyle activities (intellectual, social, or physical) and functional ability (self-reported or 
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test-based), and whether these associations were mediated through WM. Age and education 
were included as covariates; the results remained qualitatively the same when excluding 
those variables though. All variables were z-standardized prior to the analyses.  
Model fit was assessed using a combination of goodness of fit indices, including the 
Chi-Square goodnesVRIILWWHVWȤ2), standardized root-mean-square residual (SRMR), root-
mean-squared error of approximation (RMSEA) including its 90% credible interval (CI), and 
&RPSDUDWLYH)LW,QGH[&),Ȥ2 values between 0 and 2df (and p 6505
506($DQG&),DUHFRQVLGHUHGJRRGILWȤ2 values between 2df and 3df (and p 
6505506($DQG&), are considered acceptable fit (Hu & 
Bentler, 1999; Schermelleh-Engel, Moosbrugger, & Müller, 2003). To obtain 95% bias 
corrected confidence intervals (95% CI), we used the bootstrap estimation approach (10,000 
samples) implemented in lavaan.  
----------------------- 
 Insert Table 1 here 
----------------------- 
0HDVXUHPHQW0RGHORI:RUNLQJ0HPRU\ 
 The six WM tasks were specified to load on one latent WM factor, which yielded an 
DFFHSWDEOHILWȤ2(9) = 16.18, p = .063, SRMR = .04, RMSEA = .07 [.00 - .13], CFI = .97. The 
standardized factor loadings were all significant (all ps < .001; complex span = .60, Brown-
Peterson = .62, binding triangles = .66, binding shapes = .36, memory updating locations = 
.64, memory updating arrows = .73) 
/DWHQW0HGLDWLRQ0RGHO 
 Six latent mediation models of WM as the mediator were tested, one for each 
combination of lifestyle activity indicators (i.e., intellectual, social, and physical) and 
functional ability measures (i.e., self-reported everyday failures and test-based everyday 
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performance). Figure 1 depicts an overview of the results. All models yielded an acceptable 
or good fit (see Table S2).  
----------------------- 
 Insert Figure 1 here 
----------------------- 
Self-reported everyday failures. Table S3 lists the detailed results for the models 
including self-reported everyday failures.  
Intellectual activities. We found that gaming activities were positively related to WM, 
indicating that individuals who reported more gaming activities also showed better WM 
performance (a3 = 0.17, 95% CI [0.06 ± 0.28], z = 3.12, p = .002). Also, age (b = -0.03, 95% 
CI [-0.07 ± 0.00], z = 1.97, p = .049) and education (b = .13, 95% CI [0.06 ± 0.19], z = 3.90, p 
< .001) were related to WM, but no other effects ± including the mediation ± were significant.  
Social activities. Education (b = .11, 95% CI [0.05 ± 0.16], z = 3.55, p <.001) but not 
age (b = -0.03, 95% CI [-0.06 ± -0.00], z = 1.86, p = .064) was related to WM. Neither the 
association between social activities and self-reported everyday failures nor the mediation 
through WM or any other effects were significant.   
Physical activities. We found a negative relation between sports activities and self-
reported everyday failures (c = -0.16, 95% CI [-0.30 ± -0.02], z = 2.26, p = .024), indicating 
that individuals who reported high levels of sports activities reported fewer cognitive failures 
in everyday life. However, WM was neither associated with sports activities (a = 0.00, 95% 
CI [-0.10 ± 0.11], z = 0.07, p = .943) nor self-reported everyday failures (b = -0.19, 95% CI [-
0.56 ± 0.10], z = 1.15, p = .251). Consequently, the indirect effect was not significant (a*b = -
0.00, 95% CI [-0.03 ± 0.03], z = 0.05, p = .957) and the direct effect remained significant 
after including WM in the model (c¶ -0.16, 95% CI [-0.30 ± -0.01], z = 2.18, p = .029). 
Again, education (b = .11, 95% CI [0.05 ± 0.17], z = 3.70, p < .001), but not age (b = -0.03, 
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95% CI [-0.06 ± 0.00], z = 1.81, p = .071) was related to WM. No other effects were 
significant.  
Test-based everyday performance. Table S4 lists the detailed results for the models 
including test-based everyday performance.  
Intellectual activities. As for the models on self-reported everyday failures, we found 
that gaming activities were positively related to WM (a3 = 0.17, 95% CI [0.06 ± 0.28], z = 
3.09, p = .002). Moreover, WM was positively related to test-based everyday performance (b 
= 0.65, 95% CI [0.40 ± 1.01], z = 4.19, p < .001). This suggests that individuals who reported 
more gaming activities exhibited better WM and that individuals with better WM showed 
better test-based everyday performance. In addition, we found a total effect of gaming 
activities on test-based everyday performance, c3 = 0.18, 95% CI [0.03 ± 0.33], z = 2.27, p = 
.023. Notably, this effect was no longer significant when including WM in the model (c¶3 = 
0.06, 95% CI [-0.07 ± 0.21], z = 0.88, p = .379), indicating that WM fully mediated the 
relationship. Indeed, the indirect effect of gaming activities on test-based everyday 
performance through WM was significant, a3*b = 0.11, 95% CI [0.04 ± 0.19], z = 2.83, p = 
.005. Age (b = -0.03, 95% CI [-.07 ± -.00], z = 2.01, p = .044) and education (b = 0.13, 95% 
CI [0.06 ± 0.19], z = 3.89, p < .001) were related to WM. No other effects were significant.  
Social activities. We found no significant relation between social activities and WM, 
but WM was again positively related to test-based everyday performance (b = 0.71, 95% CI 
[0.44 ± 1.10], z = 4.29, p < .001), indicating that individuals with better WM showed better 
test-based everyday performance. In this model, education (b = .11, CI [95%] = 0.05 ± 0.17, z 
= 3.53, p < .001) was again related to WM, but not age (b = -0.03, CI [95%] = -0.06 ± -0.00, z 
= 1.86, p = .063). No further effects were significant. 
Physical activities. As with social activities, there was no evidence for a relation 
between sports activities and WM, but we again found a positive relation between WM and 
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test-based everyday performance (b = 0.73, 95% CI [0.46 ± 1.12], z = 4.29, p < .001), 
indicating that individuals with better WM showed better test-based everyday performance. 
Again, education (b = .11, 95% CI [0.05 ± 0.17], z = 3.80, p < .001), but not age (b = -0.03, 
95% CI [-0.06 ± 0.00], z = 1.87, p = .062) were related to WM. No other effects were 
significant. 
'LVFXVVLRQ 
To the best of our knowledge, this study is the first to extend previous research on the 
effect of an engaged lifestyle, assessed via different activities, on functional ability, whilst 
considering WM as a potential mediator. To test our hypothesis, we used multiple indicators 
for each construct, conceptualizing an engaged lifestyle as intellectual, social, and physical 
activities, functional ability as self-reported everyday failures and test-based everyday 
performance, and assessing WM with multiple tasks.   
Engaged Lifestyle and Functional Ability  
We found evidence that certain lifestyle activities were associated with functional 
ability. More specifically, we found that sports activities were associated with self-reported 
everyday failures, and that gaming activities were associated with test-based everyday 
performance. This extends previous research which has primarily focused on the relationship 
between lifestyle activities and cognitive functioning (e.g., Herzog et al., 2009). Our findings 
indicate that modifiable sports and certain types of intellectual everyday life activities are 
associated with how older adults perceive their functional ability in daily life and how well 
they perform on everyday life tasks. This is in line with the resource-focused tenets of the 
WHO framework on healthy aging emphasizing the importance of identifying modifiable 
lifestyle characteristics to maintain or enhance functional ability in older age, which 
ultimately also influences judgements about the value of life (e.g.,  Lawton et al., 1999).  
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Surprisingly, however, all other lifestyle activities (i.e., experiential, developmental, 
technological, public and private social activities) were neither directly nor indirectly 
associated with functional ability. Hence, the effects found were not driven by an engaged 
lifestyle in general but were specific to certain aspects within the physical and intellectual 
activity domains. This pattern warrants further scrutiny to better understand the pathways in 
which engagement in, for instance, sports activities are UHODWHGWRIHZHUUHSRUWVDERXWRQH¶V
everyday failures. Further, our measure for sports activities did not differentiate between 
different sports such as solitary and group sports with varying degrees of complexity (dance 
choreography vs. strength training). Future research exploring the differential associations 
with self-reported measures of functional ability would be valuable to identify how sports 
activities are related to functional ability over and above objective physical fitness. For 
example, given the importance of physical fitness to living an independent life, older adults 
who are able to engage in sports activities may benefit from feelings of higher motor and 
physical functional ability when facing everyday life tasks and challenges. In contrast, 
gaming activities were related only to the test-based measure of functional ability and do not 
seem to be associated with subjective feelings of functional ability (see below for a more 
detailed discussion).  
Taken together, our results indicate that only particular activities from the intellectual 
domain (i.e., gaming activities) and sports activities may facilitate functional ability, and only 
specifically on the level of self-reports or test-based performance. This is consistent with the 
core ideas of the WHO framework on healthy aging that self-reported and test-based 
PHDVXUHVRIIXQFWLRQDODELOLW\UHSUHVHQWGLVWLQFWDVSHFWVRIDQLQGLYLGXDOV¶HYHU\GD\
functioning and, thus, should be treated as such. These findings have also important 
implications for the development of interventions aiming at improving functional ability. On 
the one hand, identifying the types of lifestyle activities that benefit functional ability may 
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inform intervention research to guide the development of intervention programs. On the other 
hand, intervention studies can determine whether those particular activities causally affect 
IXQFWLRQDODELOLW\(YHQWXDOO\WKHVHVSHFLILFDFWLYLWLHVFDQWKHQEHILWZLWKDSHUVRQ¶VGDLO\
routines and other personal goals when recommending an engaged lifestyle or lifestyle 
changes.   
Working Memory as Mediator 
Our second goal was to examine WM as a potential mediator of the lifestyle-
functional ability relationship. We found that gaming activities were associated with WM, 
corroborating earlier findings from previous cross-sectional research showing a positive 
relationship between gaming activities and cognition (e.g., Jopp & Hertzog, 2010). This 
finding is also consistent with evidence from longitudinal research suggesting that gaming 
activities and game-like cognitive training are associated with increased cognitive 
performance (e.g., Basak, Boot, Voss & Kramer, 2008), less cognitive decline five years later 
(e.g., Ghisletta, Lövdén, & Bickel, 2006) and reduced risk of dementia (e.g., Edwards, Xu, 
Clark, Guey, Ross & Unverzagt, 2017; Hughes, Chang, Vander Bilt, & Ganguli, 2010). The 
association between gaming activities and WM has been suggested to be due to the 
comparatively high cognitive challenge of gaming activities relative to other leisure 
activities, implying that the level of complexity of a given activity might be one critical 
moderator for the relationship between an engaged lifestyle and cognitive functioning 
(Ghisletta et al., 2006). Further, our results showed that WM was associated with test-based, 
but not self-reported, functional ability. The relation between the EPT, the measure used in 
this study to assess test-based functional ability, and WM, may be explained by the 
similarities between the task demands. On the surface level, the EPT requires active storage 
and manipulation of information as well as the integration of information to solve the 
everyday-life problems posed, processes central to WM (Oberauer, Süß, Wilhelm, & 
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Wittmann, 2003). This is in line with previous research showing strong associations between 
WM and EPT performance (Borella et al., 2017). Moreover, WM training may even lead to 
improved EPT performance (Cantarella, Borella, Carretti, Kliegel, & de Beni, 2017).  
Critically, EPT performance was also related to gaming activities, with this 
relationship being fully mediated by WM. Post hoc, given the arguably cognitive nature of 
the EPT and the cognitive challenge of gaming activities, it seems plausible that the relation 
between gaming activities and test-based functional ability, and its mediation by working 
memory, may only be observed if the activities and measures of functional ability are all 
cognitively demanding to a certain degree. Hence, benefits of an engaged lifestyle may be 
more domain-specific than has been previously assumed. This is consistent with research 
showing similarly narrow and domain-specific effects of other lifestyle influences such as 
bilingualism (e.g., Oschwald, Schättin, von Bastian & Souza, 2018) and cognitive training 
(e.g., von Bastian, Guye & De Simoni, in press). Thus, while the engagement in cognitively 
challenging everyday activities such as gaming may build a cognitive reserve and promote 
compensatory scaffolding, the resulting benefits may be limited to cognitively challenging 
measures of functional ability. Given the correlational nature of our study, it remains 
however unclear whether gaming activities can enhance WM capacity and in turn functional 
ability in real life settings, or whether individuals who are more likely to engage in gaming 
activities simply have higher levels of WM and functional ability.  
In contrast, the association between sports activities and self-reported everyday 
failures in everyday life was not mediated through WM. Although there is evidence for 
physical activity being positively associated with cognitive functioning (e.g., Gow, 
Mortensen, & Avlund, 2012; Renaud, Bherer, & Maquestiaux, 2010) and exercise training 
enhancing cognitive functioning (e.g., Bherer, Erickson, & Liu-Ambrose, 2013 for a review), 
other studies did not find such a pattern (e.g., Dik, Deeg, Visser, & Jonker, 2003). One 
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possibility for the absence of an effect of WM on self-reported everyday failures may be the 
nature of the CFQ questionnaire. In their study, Könen and Karbach (2018) found that CFQ 
performance was positively related to personality traits (e.g., neuroticism) but not to test-
based cognitive performance. They argue that negative affectivity (rather than generally 
lower cognitive ability), a core aspect of neuroticism, may interfere with completing 
everyday life tasks, such as experiencing minor incidents as more threatening. In addition, 
this could lead to a lack of insight, potentially misestimating and misreporting everyday 
failures. Thus, the CFQ may rather reflect the personality and affectivity of a person than 
actual cognitive or motor performance in everyday life.  
/LPLWDWLRQVDQG)XWXUH'LUHFWLRQV 
 Despite several strengths of the study such as considering a wide range of lifestyle 
activities and both self-reported and test-based measures of functional ability, and assessing 
WM on the latent-variable level, we also acknowledge several limitations of the present 
work.  
Surprisingly, social activities were neither related to test-based nor self-reported 
functional ability. One possible reason for this lack of associations is that the measure to 
assess social activities used in this study does not capture well social interactions and 
activities that happen by technological modes of communication (i.e., short messaging, e-
mails, video calls). Given the increasing use of those communication methods, the level of 
social activity may thus have been underestimated in our sample. Future work would benefit 
from updated and more reliable measures of leisure activities that better reflect contemporary 
modes of communication and can better identify which characteristics of social activities can 
be beneficial for cognition.  
Although we used the adult leisure activity questionnaire (Jopp & Hertzog, 2010), a 
standard instrument to measure participation in lifestyle activities, we observed relatively low 
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reliabilities for the subscales. In addition, as is true for other retrospective, self-report 
measures, it is potentially prone to retrospective memory bias and other biases such as 
attentional bias caused by anxiety (see discussion on CFQ above), especially in older adults, 
potentially contributing to the relatively low reliability of the measures. More objective tools 
such as smartphone accelerometers or GPS could be used to assess physical activity and 
mobility range; social interactions could be assessed with experience sampling tools such as 
the Electronically Activated Recorder (EAR; Mehl, Pennebaker, Crow, Dabbs, & Price, 
2001). Such devices may provide ecologically valid information on daily activities from 
naturalistic observations.  
Further, although we accounted for the fact that lifestyle activity is not a 
unidimensional construct by differentiating between various activity domains (e.g., 
intellectual, social or physical activities), this approach prevented us from considering that 
some lifestyle activities might consist of multiple components. For instance, sports activities, 
depending on the exact type of activity (e.g., running vs. team sports) may also involve a 
considerable amount of social interaction, and this may also vary between individuals (e.g., 
running in teams or running alone). Future studies should therefore make an effort to develop 
measures that account for multiple components of lifestyle activities.  
In addition, there are only few existing measures to assess test-based functional ability 
in healthy older adults. The EPT is a standardized measure assessing problem solving skills 
in everyday life. However, the multiple-choice format might not accurately represent the 
occurrence and the quality of tasks of everyday life might not accurately represent the 
occurrence and the quality of tasks of everyday life. Further, given the limited availability of 
measures to assess both test-based and self-reported functional ability, we were unable to 
model functional ability as a latent variable. Thus, to more adequately assess functional 
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ability and to identify modifiable determinants of functional ability that enable healthy aging, 
the development of ecologically valid and reliable measures is crucial.  
Another limitation of the present work is the cross-sectional nature of the study 
design. Hence, we could not establish a causal relationship between the variables of interest. 
Future studies should adopt a longitudinal design to investigate the directionality of the 
effects to provide a more profound basis for deriving recommendations for lifestyle and 
lifestyle changes in older adults. Furthermore, the present study focused solely on 
interindividual differences. Longitudinal studies would allow for discriminating within- and 
between-person relationships of an engaged lifestyle and functional ability, and the potential 
underlying mechanisms (e.g., cognitive functioning). One possibility would be to use 
ambulatory assessment technologies for assessing and modeling dynamic changes in lifestyle 
activity participation, cognitive performance, and functional ability status in everyday life 
(e.g., Connor & Mehl, 2015) to examine whether high-engagement days or weeks are those 
on which participants perform particularly well in WM tasks and show higher than average 
functional ability. 
We are confident that in addressing these limitations while following the 
methodological advantages of the present study, future work will be able to complement our 
initial findings and shed light on how inter- and intraindividual differences in how people live 
their lives relates to their cognition and overall functional capacity in daily life. 
&RQFOXVLRQ 
In sum, this study revealed that sports and gaming activities are related to WM, and 
self-reported and test-based functional ability to varying degrees. Whereas sports activities 
were solely related to self-reported functional ability, gaming activities were related to both 
WM and test-based functional ability. Moreover, WM predicted test-based, but not self-
reported, functional ability. Finally, the association between gaming activities and test-based 
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everyday performance was fully mediated by WM performance. No such associations 
emerged for any other lifestyle activities (e.g., social activities) with neither WM nor 
functional ability. Given the cognitive nature of gaming activities and the test-based 
functional ability measure, this pattern of findings suggests that while an engaged lifestyle 
can benefit functional ability, those benefits may be limited to highly similar domains.  
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Tables 
Table 1 
Descriptive Statistics  
Measure M ± SD Range Skew Kurtosis 
Engaged lifestyle 
Experiential activities 3.32 ± 0.63 1.83 ± 4.67 0.08 -0.62 
Developmental activities 2.36 ± 0.48 1.33 ± 3.67  0.28 -0.14 
Gaming activities 2.59 ± 0.88 1.00 ± 4.80 0.11 -0.68 
Technological activities 3.28 ± 0.79 1.33 ± 5.33 0.12 -0.56 
Social-private activities 3.18 ± 0.65 1.67 ± 4.67 0.02 -0.39 
Social-public activities 1.79 ± 0.56 1.00 ± 3.50 0.72 0.06 
Sports activities 3.11 ± 0.83 1.33 ± 4.83  -0.04  -0.60  
Working memory 
Complex span  
   Storage accuracy 
0.27 ± 0.17 
 
0.00 ± 0.74 0.43 -0.68 
Brown Peterson  
   Storage accuracy 
0.32 ± 0.15 
 
0.00 ± 0.75 0.23 -0.44 
Memory updating locations 
   Accuracy 
0.39 ± 0.16 
 
0.02 ± 0.70 -0.04 -0.81 
Memory updating arrows 
   Accuracy 
0.29 ± 0.16 0.08 ± 0.79  0.62 -0.50 
Binding triangles 
   d' 
1.00 ± 0.60 -0.61 ± 2.54 0.16 -0.27 
Binding shapes 
   d' 
1.06 ± 0.60 -1.08 ± 2.68 -0.51 0.82 
Functional ability 
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Self-reported everyday failures 2.19 ± 0.41 1.13 ± 3.41 0.27  0.37  
Test-based everyday performance 24.97 ± 3.73 9.00 ± 30.00 -1.49 2.63 
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Figures 
Figure 1. Schematic summary of the results of the mediation analyses, testing the mediating 
role of working memory (WM) for self-reported everyday failures (sr-EF; left) and test-based 
everyday performance (tb-EP; right). Panel A represents results for intellectual activities, 
panel B for social activities, and panel C for physical activities. Significant effects are 
indicated by solid arrows, non-significant effects by dotted arrows. Significant total effects (c 
paths) are indicated by asterisk.  
*p < .05. 
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